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SINCE the discovery by Koch of the spirillum  of Asiatic  cholera, 
many  more  or  less  similar  spiral  bacteria  have  been  detected  in 
materials  and  in  plaees  other  than  those  closely connected  with  an 
outbreak of eholera.  This is more especially the ease since the recent 
epidemic in Hamburg. 
Many of the vibrios that  have been described  and  claimed  to be 
similar  to  the  cholera  spiril]um  possess  but  few  peculiarities  that 
would lead to confusion on the part of one familiar with the character- 
istics of the genuine cholera organism. 
On the other hand,  a considerable number of forms have been de- 
tected in water,  and in the stools of individuals  suffering from  other 
maladies, that possess so many of the eharaeteristies of the true cholera 
spirillum that, without a specifie reaction for this organism, their abso- 
lute  differentiation  is  often  a  matter  of  extreme  difficulty,  and  fre- 
quently  of impossibility.  In  consequence,  opinion  has  been  divided 
as to the relation between the genuine comma bacillus of eholera and 
the organisms that  simulate it;  some believing them to be but differ- 
ent varieties of the same species, while others hold that they are defi- 
nite and distinet species that resemble one another in only certain con- 
spicuous  group  characteristics.  There  has  therefore  been  for  some 
time an active controversy between the supporters of these views. 4~0  Significance of.Pathogenic 5~'irilla in American Surface Water,s 
Tile  principal  obstacle  to  the  final  settlement  of this  discussion 
seems to be removed by the  discovery bv Pfeiffer  * of a  specific rela- 
tion  between the  serum  of animals  immunized  from  Asiatic  cholera 
and the organism that causes the disease. 
Pfeiffer has found that the sermn of the blood of guinea-pigs that 
have  been  rendered  immune  from  Asiatic  cholera  when  injected 
into the peritoneal cavity of non-imnmnized animals affords protection 
to  them  against  intraperitoneal  inoculation  of  otherwise  fatal  doses 
of the cholera spirillum by inducing in the tissues of the animal  into 
which  it  is  injected  a  peculiar  gernficidal  power through  which  the 
living  organisms  are  actually  disintegrated.  He  found  further  that 
if  the  animal  thus  treated  be  inoculated  with  vibrios  that  are  suffi- 
ciently  like  the  cholera  spirillum  to  cause  suspicion,  but  which  are 
not genuine  cholera spirilla,  as may have been rendered  probable  or 
certain  from  other  data,  no  such  disintegration  occurs,  or  if  the 
animal  be  inoculated  with  a  mixture  of  cholera  spirilla  and  other 
similar  spiral  forms,  only  the  cholera  organisms  are  destroyed. 
This important  announcement  has not thus far been refuted.  On 
the  other  hand,  it  has  met  with  abundant  confirmation ,  especially 
through the investigations of Dunbar, 2 who has employed the test for 
diagnostic  purposes  upon  a  fairly  large  group  of  suspicious  vibrios, 
and has found the results to accord with  opinions  previously formed 
from other data as to the nature of these organisms.  From this stand- 
point,  therefore,  it seems that  the differentiation between the  several 
suspicious species and the genuine cholera spirillmn can be made with 
certainty  and  comparative  ease through  the  employment  of the  spe- 
cific cholera serum. 
l~iore  recently  Pfeiffer and  Vagedes  3 have  described  a  micro- 
scopic reaction that  occllrs when the cimlera spirillum is examined  in 
a drop of serum from an animal very highly immunized from Asiatic 
cholera.  This  reaction  consists  in  almost  instantaneous  cessation  of 
motion on the part of the spirilla and their rapid conglomeration into 
masses.  After  twenty  minutes  in  the  incubator  no  morphological 
change is observed in the vibrios.  After twenty-four hours the retard- 
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dence of development of the organisms.  They state that the motility 
of only the cholera spirillum is influenced by this serum. 
As has been already stated, tile striking morphological, biological, 
and pathogenic resemblances between many of the cholera-like sPirilla 
that have been found and the true cholera bacillus have led many to 
believe that they are nothing more or less than varieties or modifica- 
tions of one and the same organism.  The fact, as pointed out by Dun- 
bar, 4 that the most suspicious forms have been found in waters of locali- 
ties  in  which  cholera  had  either  existed  or  appeared  subsequently 
lends a  measure of support  to this  view;  this,  together with the ob- 
servation that genuine cholera spirilla have occurred in these waters 
during the  same seasons  in  which the  other varieties were detected 
serves to further confirm the belief in the very close relationship be- 
tween the several varieties.  The finding of suspicious spirilla in the 
waters of western :Europe in localities that have not been visited by 
cholera, though pointing to their lack of identity with the true cholera 
bacillus, does not positively contraindicate an identity under the condi- 
tions  existing at the time of the discovery.  We must bear in mind 
that  during the past three or four years there have been numerous 
outbreaks of the disease at many points in that country, and one can 
readily conceive of the transportation of the genuine cholera spirillum 
from places in  which cholera is  epidemic to  neighbouring localities 
free from the disease by means of water courses.  While this may re- 
sult in the production of cholera there is also justification for the opin- 
ion that this may occur without cholera being of necessity the result 
of such transportation, because of the modification in disease-produc- 
ing properties that the organism may experience by its more or less 
long sojourn under the unfavourable conditions found in water. 
It is plain, therefore, that while the test of Pfeiffer demonstrates 
a  conspicuous  difference between the  genuine  cholera  bacillus  and 
most of the important spirilla that are similar to it, still the view held 
by many with regard to their identity is  supported by pretty strong 
arguments. 
We  must  also  not lose  sight  of the  fact  that  vibrios  have been 
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cholera spirilla that  had  undergone  certain  biological and pathogenic 
modifications. 
Without entering into a review of the extensive literature  on the 
subject  (which  is  quoted  in  Dunbar's  article4),  it  will  suffice to  say 
that  the  work of Pfeiffer in  connection  with  the  specific germicidal 
relation  of  the  serum  of  animals  immunized  from  cholera to the 
spirillmn  that  causes  this  disease,  and  the  absence  of  such  relation 
to other similar spirilla,  is thus far the only trustworthy contribution 
that  has  done  aught  to  satisfactorily simplify this  complicated  prob- 
lem. 
An important disturbing element  in all the European investiga- 
tions has been the presence of cholera in the land, and in view of 
~his it has occurred  to me that it would be of importance  to determine 
if suspicious spirilla are to be detected in the surface waters of coun- 
tries that ]lave not been visited, either recently or comparatively  re- 
motely, by Asiatic cholera, and which are sui~icient]y  widely separated 
from localities in which the disease has been  epidemic or is endemic 
to  reasonably exclude the  possible importation of  genuine cholera 
bacilli by water  or other ways. 
Should  investigations demonstrate the  presence of  suspicious 
forms in the waters of such places, it is certain that  they can play 
no rSle in the production of cholera.  It is  also reasonably certain 
that  they can  bear no  immediate relation to the  organism causing 
cholera.  Such  a  discovery,  if  nmde,  would serve  as  additional  evi- 
dence in favour of  the want of  identity  between the  cholera  organ- 
ism and at least  some  forms  that  simulate it in a  sufficient number 
of  important  peculiarities  to  warrant  their  being  classed  as  sus- 
picious. 
With this in view a series of investigations was begun in October, 
1895,  upon the more polluted portion  of the  Schuylkill  River in its 
flow through the city of Philadelphia. 
As  the  last  visitation  of cholera  to  this  city  was in  1873,  when 
during the months  of June, July, and August there were eight eases 
reported, two of which proved fatal, and about the nature of all of which 
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field for such studies, especially as it is at this part of its flow grossly 
polluted with sewage. 
As  the  result  of  studies  thus  far  made,  two spiral  forms  have 
been isolated, one of which is unimportant,  as it possesses none of the 
group  reactions  common  to  the  suspicious  varieties,  while  the  other 
is  in  every  respect,  morphological,  biological,  and  pathogenic, 
sufficiently suggestive of the  cholera  group  to  be classed among  the 
suspicious  varieties  and  to  warrant  description  at  this  time.  The 
method employed for their isolation is that now universally employed 
in such work--viz., the modification of the method of Schottelius as 
recommended  and  applied  by Koch.  ~  It  consists  in  the  addition  to 
90  cubic centimetres  of  the  water  to  be studied  of  10  cubic centi- 
metres  of peptone-and-salt  solution  of  ten  times  the  usual  strength 
employed in  ordinary  nutrient  media,  so that  peptone  is  present  in 
the  entire  mixture  in  the  proportion  of one  per  cent.  The  flask is 
then placed in the incubator at the temperature of 37 °  to 38 °  C. for 
from twelve to eighteen hours, when, without shaking it, gelatin plates 
are made from the surface of the  fluid.  If spiral  forms are  present 
they are  usually  abundant  in  the  upper  layers  of the  fluid,  as  may 
readily be seen by microscopic examination.  In from twenty-four to 
forty-eight hours the gelatin  plates, kept at from  18 °  to  20 °  C.,  are 
ready for examination.  To one familiar  with the  appearance  of the 
colonies of the cholera spirillum  at  this stage there is little  difficulty 
in correctly anticipating the results of microscopic examination of colo- 
nies having a similar appearance. 
By this  means  the  organism  about to  be described has been  iso- 
lated  from  the  water  of  the  Schuylkill  and  from the  contents  of  a 
sewer emptying into it,  the mouth of which is partly under  water at 
high tide. 
Pressure  of  work  has  prevented  my  making  systematic  studies 
upon this water with regard  to the persistency of the spiral forms in 
it, so that.I can not say at this time that they are always present,  nor 
can I  speak of seasonal variations.  I  hope,  however, to  obtain  data 
on these points at some later time. 
While it has been impossible to fully identify this  organism with any of the suspicious spirals described by European observers~  still it 
simulates several of them so closely in certain important details that 
I am reasonably sure it is not a new species, but rather a variety. 
For convenience of reference I  propose to call it Vibrio  Schuyl- 
kiliensis, though, I  repeat, this is not to signify that it is considered 
as a distinct species. 
Its characteristics are as follows: 
•ORPttOLOGY.--It  Occurs in fresh cultures as short, rather plump 
"  commas," often with  a  very decided curve,  often less curved and 
often almost straight, though never quite so (see Photograph, Fig. 1). 
Its ends are usually rounded or slightly pointed.  As usually seen, it is a 
little shorter and a trifle plumper than the cholera spirillum, though 
this  is  a  very variable feature and means  but  little.  There is  no 
special tendency to grow into long threads, though occasionally spiral 
filaments, varying in length from three to five times that of a single 
comma, may be encountered.  The single cells frequently join end to 
end to form S-shaped figures. 
It  is  especially prone  to  undergo  degeneration,  and  involution 
forms are often encountered in cultures as young as sixty to seventy- 
two hours.  Such evidence of degeneration is  especially conspicuous 
in potato cultures after forty-eight hours at 37 ° to 38 °  C. (see Photo- 
graph, Fig. 2). 
It is actively motile, and depends for this property upon the pres- 
ence of a single flagellum at one of its extremities.  It does not form 
spores. 
STAI~I~G.--It  stains  with  the  ordinary watery  solutions  of  the 
aniline  dyes;  less  readily with  methylene  blue  than  with  either 
fuehsin or gentian violet. 
It is decolourized by the method of Gram. 
Very frequently the staining lacks uniformity.  The single cells 
will  present  unstained  portions;  sometimes  the  poles  only  will  be 
co]oured, the centre being colourless;  at times the distribution of the 
colour is  more irregular and marked than  at others.  Fresh  gelatin 
cultures stain somewhat more regularly than do agar cultures of the 
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animals  dead  after  inoculation  with  this  organism  usually  show 
commas that stain irregularly. 
ColoniEs o~ G~LATIN.--In ten-per-cent nutrient  gelatin rendered 
neutral  or very slightly  alkaline  to phenolphtalein  the  colonies after 
twenty-four to thirty-six hours at 18 °  to 20 °  C. are fairly uniform in 
appearance,  their  outline being apparently  dependent upon the num- 
ber of colonies on the  plate.  For instance,  in  the  "  original  "  plate 
where large  numbers  are  closely packed together  they appear,  when 
examined  under  the  low power  of  the  microscope,  as  very coarsely 
granular  masses with  no  sharp  border,  presenting  in  general  an  ap- 
pearance  suggestive  of  minute  chestnut  burrs.  On  the  plates  in 
which  there  are fewer they are round,  sharply  defined,  less coarsely 
granular,  and  have  usually  fine  irregular  markings  as  if  they were 
creased  or  folded.  Sometimes  they  present  indistinct  concentric 
markings.  (See Fig. 3.) 
As  growth  progresses  these  markings  may  become  more  and 
more  distinct  and  finally  give  to  the  colony  a  decidedly  lobulated 
or  mulberry-like  structure.  This  may  continue  without  alteration 
until the lobulations are so marked that the appearance given in Photo- 
graph  8 results.  At 18 ° to 19 °  C. this stage may be reached in from 
two and  a  half to three days.  Or,  from the  condition noted  at  the 
end of twenty-four to thirty-six hours, the colony may become a trifle 
more  granular  and  assume  a  distinctly  concentric  arrangement  of 
zones,  or  a  single  zone  surrounding  a  more  or less uniformly  dense 
and granular central mass~ such, for instance, as is photographed in Fig. 
6.  This stage may be reached in from forty-eight to seventy-two hours 
at  18 °  to 20 °  C. 
Again there may be only an imperfect arrangement  of concentric 
zones;  the  central  mass  may be much  more  dense,  with  its  circum- 
ference only partly  defined  and  surrounded  by a  less dense  zone,  as 
is shown in Fig. 5. 
Again colonies are encountered that stand, in so ~ar as their struc- 
ture  is  concerned,  between the  distinctly  lobulated  colonies and  the 
distinctly concentric co]onies, partaking  in a  measure of both charac- 
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At  times  lobulated  colonies  are  seen,  the  lobulations  of  which 
are quite small,  and very different in their arrangement from those 
shown in Fig. 8.  Such a colony is seen in Fig. 9. 
Less frequently colonies will appear that are finely granular from 
the beginning, and, beyond a few indistinct creases or ridges, take on 
no distinctive structure. 
After about the third or fourth day, when liquefaction is actively 
in progress, the majority of the colonies lose their characteristic ap- 
pearance.  They are then seen as irregular, ragged, granular masses 
lying in the centre of pits  of liquefied gelatin.  These pits  are usu- 
ally surrounded by a  tolerably definite peripheral zone that  may be 
marked  by microscopic,  cilia-like  processes,  but  which  is  more  fre- 
quently irregularly granular at its edge, as is seen in Fig.  10. 
To the naked eye the plates commonly have the appearance given 
by plates of the cholera spirillum--i, e., when quite young those con- 
taining many colonies have  a  ground-glass  appearance.  As  growth 
continues, these plates are rapidly liquefied, usually completely so, in 
from thirty-six to forty hours.  The plates containing fewer colonies 
are  uniformly marked  by  the  third  day with  sharply  cut,  funnel- 
shaped  depressions filled with  clear  liquid,  at  the  bottom  of  which 
the  dense cream-coloured colony is  seen.  They exhibit  no  marked 
tendency to spread laterally, though sometimes one, sometimes more 
colonies will be observed on  such a  plate  that spread laterally very 
rapidly, giving rise to a saucer-shaped area of liquefaction that strong- 
ly suggests the growth of colonies of Deneke's spirillum  or that  of 
Finkler and Prior. 
Sometimes one  or  the  other  of  the  forms  described  above  will 
predominate on a plate;  equally as often both lobulated and concen- 
tric colonies will appear together.  Occasionally all transitional forms 
may be detected, from the characteristic concentric to the distinctly 
lobulated or dahlia-like varieties seen in the photographs. 
Once in a  while, more especially when the gelatin has  lost  part 
of  its  density through  being  exposed  to  higher  temperatures  than 
usual, only an imperfect effort at characteristic colony configuration 
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having very much the appearance of those described and depicted by 
Ivanoff  6 for the colonies of the spirillum that  bears his name--that 
is, they look as if they might be composed of convoluted threads. 
From the description of Vibrio Metchnikovi as given by Pfeiffer,  7 
together with the results of my own comparative studies of that organ- 
ism, it is safe to say that in so far as the appearance of its colonies in 
gelatin  is  concerned,  Vibrio  Schuylkiliensis  is  practically  identical 
with Vibrio Metchnikovi.  As liquefaction becomes more and more ad- 
vanced in the gelatin the plates give off a most unpleasant odour that 
it  is  impossible  for me  to  describe.  The  reaction has  now become 
excessively alkaline.  A  portion of this alkalinity is due to the pres- 
ence of a  volatile  alkali which may readily be  driven off by gentle 
heating, as may be detected by a bit  of moistened litmus paper held 
ever the plate.  There is  also an increase in the fixed alkalinity, for 
by higher heating, even boiling, the reaction is still seen to be much 
more  alkaline  than  is  the  case  with  the  uninoculated gelatin.  By 
the addition of sulphuric acid to the liquefied gelatin in the plates a 
very bright, cherry-red colour is produced, evidently due to the pres- 
ence of indol. 
GELATIn STAB CULTU~ES.--In  the form of stab cultures in gela- 
tin  the  appearance  of the growth  is  essentially that  of  the  cholera 
spirillum.  It is usually a little more rapid, but at times is practically 
identical with it. 
At the end of three and a half to four days there is the character- 
istic cup-shaped liquefaction, capped by the so-called air bubble.  The 
growth continues downward as a fine line along the track made by the 
needle.  In seven or eight days the relative proportions of this picture 
remain about the same,  though the figure made by the growth has 
become magnified.  In three weeks the characteristic appearance of 
the growth has  disappeared.  The  gelatin  in  the  tube  is  from  one 
half to two thirds liquefied, the liquid is covered by a  dense pelliele, 
and at the bottom is a dense eream-eoloured mass that is often twisted 
or root-like.  See Photograph, Fig. 11, a, b, e.) 
GRowTH  o~r  AGAR-•GAR.--On  meat-infusion  agar-agar  contain- 
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phtalein,  growth is very rapid  at body temperature.  In twenty-four 
hours  the  colonies will range  from  1.5  to  2  millimetres  in  diameter. 
They are not especially characteristic in appearance at this time, being 
simply  smooth,  lustrous,  and  opaque.  After  forty-eight  to  sixty 
hours they are usually more dry,  occasionally a  little  wrinkled,  with 
at  times  something  of a  concentric  arrangement  of  wrinkled  zones. 
The character  of the growth on agar-agar  varies with the  conditions 
offered  by  the  medium.  For  instance,  in  meat-infusion  agar-agar 
rendered neutral or slightly alkaline to phenolphtalein  (35 to 37 cubic 
centimetres  of normal  KOK  to  the  litre)  the  growth  after  twenty- 
four hours at 37 o to 38 o C. is very voluminous, appearing as an opaque, 
smooth,  moist  glistening  layer.  After  forty-eight  hours  it  is  drier, 
becomes  more  and  more  wrinkled,  especially  at  the  bottom  of  the 
tube, and often extends in the form of a dense pellicle over the water 
of condensation in  the  bottom of the  tube.  This  pelliele is  usually 
pushed a short distance up the sides of the tube.  When one inspects 
this growth by the aid of a  wire loop it is frequently found to be in 
its entirety a zoSglcea or pellicle that can be easily and cleanly stripped 
from the surface of the agar practically en  masse.  It holds together 
tenaciously and can be broken up in fluid only with trouble; and then 
not completely.  As the culture becomes older the growth gradually 
takes  on  a  dirty,  coffee colour.  These  cultures  give off a  most  pro- 
nounced odour of indol. 
On  agar-agar  made  from  meat  extract  and  rendered  neutral  to 
litmus  paper the growth is much  less voluminous and  is not  seen  to 
adhere together in the zoSglceaqike way referred  to above. 
BLooD  S~uM.--The  growth  of  the  spirillum  on  blood  serum, 
made  either according  to the  formula of Loeflter or in  the  ordinary 
way,  after twenty-four hours  at  body temperature  appears  as  a  line 
of depression that  does not tend to spread  laterally.  This  continues 
until  there  is  a  distinct  track  of liquefaction  marking  the  course  of 
the development.  AS growth continues this becomes more and more 
conspicuous,  and  finally takes on  a  dirty,  brown colour.  The  liquid 
that  collects  at  the  lower part  of  the  tube is  covered with  a  dense 
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t~ouinnoh-.--Bouillon  becomes uniformly  clouded in  twenty-four 
hours  at  body temperature.  Its  reaction  becomes more  alkaline  as 
growth  progresses.  A  pellicle,  at  first  delicate,  later  denser,  always 
characterizes  the growth in  this  medium. 
POTATo.--On  potato  of normal  reaction  the  growth  after  forty- 
eight hours at body temperature is very slight.  At the point of inocu- 
lation  there is a  thin,  glazed,  more  or less dirty yellow shading  to a 
brownish  deposit  that  is  at  times  surrounded  by a  flat,  dry,  lustre- 
less zone,  but more frequently  this  zone  is  absent.  On  microscopic 
examination  the  organisms  composing  this  growth  are  found  to  be 
commas in  all  stages of involution.  As these  cultures  become very 
old (two weeks or more) the growth seems to have sunk slightly into 
the potato. 
LIT~Cs 3/[mK.--In  fresh milk containing  a  few drops of blue-lit- 
mus  tincture  a  slight  reddish  tinge  appears  after  twenty-four  hours 
at body temperature.  After forty-eight hours this red colour is usu- 
ally increased, and at times there is coincident coagulation of the milk, 
though this is not always the case.  There is but little increase of the 
red colour after the third day. 
t'EPTO~E SonuTioN.--In  the  ordinary  one-per-cent  peptone  solu- 
tion growth is rapid and  is usually accompanied by a  pellicle on the 
surface of the fluid. 
After  twenty-four  hours  at  body  temperature  a  brilliant  indol 
reaction  may  be obtained  in  these  cultures  by the  addition  of  sul- 
phuric  acid  alone.  A  similar,  though  usually  less  intense,  reaction 
may often be obtained under these circumstances after as short a time 
as six to eight hours at 37 ° to 38 °  C. 
In peptone solution containing  three or four drops of blue-litmus 
tincture  to  10  cubic centimetres  of the  solution  there  is  seen,  after 
twenty-four hours at body temperature,  an ahnost complete decolora- 
tion  of the  lower layers  of  the  fluid.  This  extends  no  farther  up- 
ward, as a rule,  than the junction of the lower with the middle third 
of the solution.  The upper part of the fluid retains  its original  blue 
colour.  When  such  a  culture  is  gently  shaken  the  entire  fluid  be- 
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and  the tone of the solution is somewhat greenish,  or greenish  blue. 
The eolour of the solution never entirely disappears, though the lower 
decolourized  zone  is  sometimes  greater  than  at  others.  In  peptone 
solution containing ten drops of rosolic-acid solution to 10 cubic centi- 
metres o£ the medium there occurs, in addition to the pelliele forma- 
tion,  at  first  a  slight  diminution  of  the  colour;  this  is  followed  by 
a low degree of intensification, and at the end of ten days the solution 
is usually of an orange-red colour. 
FE~ME~TATIO~.--When  cultivated  in  the  fermentation  tube  in 
bouillon  containing  two  per  cent  of  glucose  at  body temperature, 
growth  is  abundant,  though  no  fermentation  with  liberation  of  gas 
occurs. 
RELATION  TO  GAsEs.--It  is facultative  in its relation  to oxygen, 
though  in an atmosphere  devoid  of this gas its growth  is slower  and 
less voluminous than  when it  has  access to  oxygen.  This  is  a  little 
less  apparent  with  Buchner's  pyrogallic-acid  method  than  with  the 
hydrogen method in sealed tubes. 
In  fluid media  under  an  atmosphere  of carbon  dioxide  in  sealed 
tubes no growth is observed after seven or eight days at body tempera- 
ture--probab]y because of the  acidity of the medium  due to absorp- 
tion of the gas. 
RELATION TO  TEMPERATURE.--It grows most luxuriantly  at from 
37 ° to 38 ° C.  Growth is hardly perceptible at 10 ° C.  It is destroyed 
by an  exposure  of five minutes to  50 °  C.,  though  it withstands  this 
temperature for from one half to one minute. 
PATHOGE~ESIs.--The  pathogenic  activities  of  this  organism  are 
most  conspicuously seen  in  pigeons  and  guinea-pigs,  both  of  which 
are  uniformly  susceptible to  infection  by it.  In  a  few instances  in 
which  rabbits  and  grown  chickens  have  been  inoculated  they  have 
shown themselves to be naturally immune from relatively large doses. 
Mice may be infected with  comparatively small  doses by subcutane- 
ous  injection.  If  the  dose  be  large  they  die  within  a  few hours, 
evidently as a  result  of the  toxic  rather  than  the  infective  action  of 
the material used. 
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time  it was obtained  from the  river,  it  was soon manifest  that  posi- 
tive  results  were  to  be  obtained  only  through  the  employment  of 
relatively large doses, as it was of comparatively low virulence.  To 
meet  this  requirement  a  platinum-wire  loop  having  a  capacity  of  6 
milligrammes  of a  fresh  agar  culture  was made,  and  with  this  loop 
the  suspensions  used  have  been  made  throughout  the  entire  series 
of experiments.  For  convenience  of reference  I  have  designated  a 
suspension made by finely dividing one of such loopfuls of a  culture 
in 1 cubic centimetre of peptone solution as a  "  normal suspension "- 
and  such  will  be  understood  when  a  normal  suspension  is  referred 
to  in  the  following part  of  this  article.  In  only  a  few  cases were 
fluid cultures used. 
INOCCLATIO~  Or  PmEoNs.--When  inoculated  with  the  Vibrio 
Schuylkiliensis pigeons may or may not die.  The circumstances that 
determine the results of inoculation are dose and mode of introducing 
the  o~ganisms.  When  doses of from  0.2  to  0.3  cubic centimetre  of 
a  normal suspension (equivalent to  1.2 to  1.8 milligramme  of a  solid 
culture)  are  injected  into  the  pectoral  muscle  of  pigeons  death  re- 
sults  in  from  sixteen  to  eighteen  hours  almost  without  exception, 
whereas if the solid culture be rubbed into a superficial wound of this 
muscle (a pocket beneath the deep fascia) in such large amounts as 2 
to 4  milligrammes,  only a  portion  of the  animals  succumb.  For ex- 
ample:  Of eighteen pigeons into the pectoral muscle of which normal 
suspensions  of  this  organism  were  injected  in  doses  ranging  from 
0.1 to 0.5 cubic centimetre  (equal to 0.6 and 3 milligrammes  of solid 
culture respectively), fifteen died and three recovered.  Those that re- 
covered had received 0.15, 0.25, and 0.3 cubic centimetre each (equal 
to  0.9,  1.5,  and  1.8  milligramme  of solid  culture respectively).  Of 
six pigeons into the pectoral muscle of each  of which  1  cubic centi- 
metre  of a  twenty-four-hour-old  culture  in  peptone  solution  was  in- 
jected, all died in less than  seventeen hours. 
Of eight  pigeons inoculated  by rubbing  the  solid  culture  into  a 
superficial  wound  of  the  muscle  below  the  deep  fascia,  only  two 
died.  Those  that  died  had  received  6  milligrammes  each  of  the 
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milligrammes  and  two smaller  doses--viz.,  1.8  and  3  milligrammes, 
respectively. 
On  several occasions  an  attempt  was  made  to  infect  pigeons  by 
introducing  into tile muscle a  bit of the  necrotic muscle removed at 
autopsy from pigeons dead after  this  form of infection,  and  though 
relatively  large  pieces  (about  ½ cubic  eentimetre)  were  introduced, 
death did not follow in a single instance.  If, however, an infusion be 
made in peptone solution from a  similar  bit  of necrotic nmsele,  and 
this  be injected  into  the  pectoral muscle  of a  pigeon,  death  follows 
with a fair degree of regularity. 
When  death  ensues  from  either  mode  of  inoculation  the  most 
conspicuous  lesion  found  at  autopsy is  that  localized  about  the  site 
of  inoculation.  By  superficial  inspection  the  inoculated  muscle  is 
usually  seen  to  be  swollen,  the  skin  over  it  being  somewhat  tense. 
On stripping back the skin an (edematous condition of the subcutane- 
ous tissue is usually observed;  at times this is very marked  and may 
extend well down along the sides and  over the thighs.  Occasionally 
it is absent.  The oedematous fluid is commonly of a bright-red eolour. 
The diseased muscle is marked by parallel  yellow striations  that  run 
in  the  direction  of the  muscle  fibres.  Sometimes these  yellow lines 
will be lying together  as a  single narrow  or broader  zone  that  com- 
pletely  traverses  the  thorax,  having,  apparently,  healthy  tissue  on 
either  side  of it.  Frequently  the  entire  muscle  will  be  marked  by 
these yellow lines, and in consequence will present a more or less uni- 
formly pale  appearance.  On  incising  the  muscle  it  is  found  to  be 
mottled  throughout  with  yellow and  red  necrotic  areas;  this  condi- 
tion extends  down to the  sternum  and  involves the  underlying  nms- 
eles.  Fluid may or may not exude from the cut surfaces.  By micro- 
seopic examination  of cover slips from the  necrotic  area  it  is  found 
to be everywhere invaded by comma-shaped vibrios in large numbers. 
The corresponding pectoral muscle on the opposite side is never found 
to be affected.  It is normal in colour and size,  even though the inocu- 
lated  muscle may be markedly  affected close up to  the  ridge  of the 
sternum. 
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or partly coagulated blood.  The ventricles always contain much less 
blood than do the auricles.  The lungs and kidneys are normal.  At 
times the  spleen may be  a  trifle large,  though it  is  never markedly 
affected.  The liver is dark in eolour, sometimes mottled with diffuse 
lighter areas,  but  is  otherwise normal. 
The  intestines show no  departure  from  the  normal  as  a  rule; 
sometimes there may be one or two limited areas of injection. 
:By both  microscopic  and  culture  methods  vibrios  are  found  in 
very large numbers at and about the site  of inoculation, practically 
everywhere  in  the  diseased  muscle.  In  fresh  autopsies  they  are 
rarely numerous in the  blood  and  internal organs,  though they are 
to be found there in nearly all eases.  For example:  In fifteen autop- 
sies, taken at random from my notes, the average number of colonies 
that developed from one loopful of blood from the heart was twenty- 
eight;  in at least six other eases the number of colonies ran over two 
hundred, while in one  or two instances only, the  cultures from the 
blood were sterile.  There is often such a small number in the blood 
that one may fail to find them by microscopic examination, though 
by culture methods they are, as is seen above, generally to be found. 
At autopsies made some time after death--ten to fifteen hours-- 
when tile  dead animal has been  allowed to  lie in a  warm place  the 
number of organisms in the blood is always greater, and if one places 
in the  incubator the  heart  of a  pigeon  in  which  few  or  no  vibrios 
are to be found microscopically, after a  few hours the blood from it 
will be found to contain them in enormous numbers. 
At fresh autopsies  +:. the internal organs are also found to be rela- 
tively poor in bacteria. 
The pathological lesions observed  in pigeons dead  after inocula- 
tion with this organism are so conspicuously similar in most of their 
important  details  to  those  resulting  from  inoculation with  virulent 
cultures of Vibrio Metchnikovi that it is impossible to rid one's self 
When  possible,  these  autopsies  were  made  immediately  after  death. 
When  this was  not  feasible the  animals  were  placed  either  in  the  ice  chest 
or at an equally low temperature  as soon as they were  found  dead,  and were 
kept  there  until  the post-mortem  examination  could be made. 
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of the  opinion  that  Vibrio  Schuylkiliensis  may  perhaps  be  only  an 
attenuated  Vibrio  Metchnikovi.  To  decide  this  point  an  effort was 
made to increase the virulence of the former organism,  and though I 
have not as yet (up to April '23, 1896) been able to bring its virulence 
up  to  anything  like  the  degree possessed by Vibrio  Metchnikovi,  it 
has still been increased to a  point considerably beyond that  given in 
the  preceding  statistics. 
The  method  employed for  increasing  the  virulence  was  that  of 
passing the organism through  a  series of susceptible animals.  After 
passing it through a series of twenty pigeons, each having been inoeu- 
lated with the first generation on agar-agar from the tissues of a dead 
pigeon, its virulence was found to be about doubled when suspensions 
were  employed,  and  about  trebled  when  the  solid  culture  was  era- 
ployed.  Thus,  for instance,  from the twentieth  pigeon  of the  series 
twelve pigeons were inoculated.  Six received varying doses of a nor- 
mal suspension, and six were inoculated by rubbing different amounts 
of the  solid  culture  into  a  superficial wound  of the  pectoral  muscle 
below the deep fascia.  The results were as follows: 
Pigeon  I  received 0'1  cubic centimetre.  Died in  27 hours. 
II  "  "  "  "  Died in less than  11 hours. 
III  "  0'2  "  "  "  "  20  '~ 
IV  "  "  "  "  "  "  20  " 
V  "  0'3  "  "  "  "  20  " 
VI  "  "  "  "  "  "  11  " 
Results of inoculating  pigeons with the same culture,  but instead 
of injecting it as a  suspension it was rubbed into a  superficial wound 
of the pectoral muscle: 
Pigeon  VII  received 2  milligrammes.  Had  no effect. 
VIII  "  2  "  Died in less than  20 hours. 
IX  "  4  "  Died in 24 hours. 
X  "  4  "  Died in less than  20 hours. 
XI  "  6  "  Had  no effect. 
XI[  "  6  "  Died in less than  20 hours. 
The  injection  of the  normal  suspension proved  fatal,  as  we  see, 
in  all  of the  six  pigeons,  including  those  that  received  the  dose  of 
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while of those that got the solid culture, four succumbed, death having 
resulted in one of these from the dose of 2  milligrammes.  Though 
the doses used throughout this  experiment are relatively large,  still 
the smallest of them is smaller than any that had hitherto proved fatal 
to  pigeons  by  the  methods  of  inoculation  that  were  employed.  It 
does  not  seem  unlikely,  lherefore,  that  by  the  further  passage  of 
Vibrio  Sehuylkiliensis through  susceptible  animals  we  may  at  last 
reach a still higher degree of virulence;  in short,  establish its patho- 
genic identity with Vibrio Metehnikovi, the organism with which it 
possesses  so many other points in common. 
INOCULA_TIO~ OF Gci~Ex-rms.--Guinea-pigs are susceptible to the 
pathogenic activities of this organism by both subcutaneous and intra- 
peritoneal inoculation. 
BY  SvBeUTA~OUS I~OCVLATIO~.--The  fatal  dose for guinea-pigs 
varies, according to the weight of the animal, from 0.3  to  0.5  cubic 
centimetre of a normal suspension of a twenty-four-hour-old agar cul- 
ture.  After inoculation with this dose death ensues in from twelve to 
eighteen hours. 
At autopsy the tissues about the site of inoculation are much in- 
jected,  and  usually moderately (edematous.  Frequently the  subcu- 
taneous (edema is very widespread, sometimes it is much less marked. 
The subcutaneous lymphatic glands,  both  inguinal  and  axillary, 
are red and enlarged. 
As a rule, there is more or less reddening of the peritonseum be- 
neath the point of inoculation, with at times general peritonitis.  This 
may, however, be absent.  When present it is  characterized by the 
accumulation of a  small amount of fluid in the peritoneal cavity and 
by the presence of isolated patches of fibrino-purulent material scat- 
tered  over the  surface of the liver,  spleen,  omentum, and  the  coils 
of intestine.  On microscopic examination this inflammatory deposit 
is found to be rich in leucocytes, to  contain a  few endothelial cells, 
and to be invaded by vibrios in large number. 
As a rule the mucous membrane of the intestines is not inflamed, 
though once in a while they are found quite red and filled with dark, 
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ing will be  detected, the rest of the gut being normal.  The  serous 
surface is commonly injected, as is practically the whole serous surface 
within the abdominal cavity. 
The liver may be paler than usual;  it may be more or less  mot- 
tled, or, as is more frequently the case, present no macroscopic depar- 
ture from normal.  The gall bladder may be normal, or it may contain 
pale, thin, straw-coloured bile.* 
The  kidneys and  adrenal  bodies  are  usually  acutely  congested, 
especially the latter.  The heart is filled with fluid blood.  The lungs 
and spleen are, as a rule, normal.  The retroperitoneal lymph glands 
are red  and enlarged.  When peritoneal involvement is  not present 
in these cases the great serous cavities contain no excess of fluid. 
Cultures  from the  site  of  inoculation always reveal  the  vibrios 
in large number.  Those from the blood and internal organs may be 
sterile, they may all contain vibrios in small number, or colonies may 
appear on some tubes while others are sterile.  It is rare that colonies 
in large number appear on any but the tubes from the site of inocula- 
tion.  When peritonitis occurs as an accompaniment of subcutaneous 
inoculation vibrios are present in the periton~eum in large number. 
When death does not occur for from fifty to sixty hours after in- 
oculation, as is sometimes the case when small doses have been used, 
the blood and internal organs are found to be  sterile,  though living 
vibrios may in some instances be recovered from the site of inocula- 
tion. 
When  the  subcutaneous  dose  has  not  been  sufficiently large  to 
cause  death,  a  painful tumefaction almost  always occurs  about  the 
*  Animals  that  survive  inoculation,  both  subcutaneous  and  intra-peri- 
toneal,  for  several days, and  those in  which  death  has occurred  only  after 
repeated  inoculation with  small  doses  of  the  living  culture,  or  the  toxine 
derived from old cultures, always present a  conspicuous condition of the gall 
bladder and its contents.  The gall bladder is distended, comvaonly very much 
so, with very pale, straw-coloured, watery bile,  in which float numerous yel- 
lowish flakes of amorphous material.  By culture tests the bile  is  found to 
be sterile.  These animals are also markedly emaciated.  A  somewhat similar 
condition of  the  bile  has been  observed by  Blachstein  (Johns  Hopkins  Hos- 
pitat Bulletin,  July,  ]891)  in rabbits  dead  after chronic infection with bacil- 
lus coli communis.  I  have not, however, noticed the peculiar necroses of the 
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site  of  injection.  This  lasts  for  several  days,  growing  gradually 
smaller and  less  tender  from day  to  day.  Finally the  overlying 
skin sloughs away and leaves an open ulcer.  This readily heals under 
a scab unless intercurrent infection occurs. 
]~Y  INTI~APERITOI~]~AL INOCULATIO~.--The fatal dose  for  guinea- 
pigs varies from 0.4 to  0.5  cubic centimetre of a  normal suspension 
made from a twenty-four-hour-old agar culture. 
When a  dose not much above the certainly fatal amount is  em- 
ployed death occurs in from eighteen to twenty-two hours.  It is at 
times a little later or a little earlier than this.  When a  much larger 
dose is used death may occur in as short a time as four or five hours. 
The  condition  of  the  animal  after  inoculation  is  characterized 
by a  gradually increasing condition of bodily depression that is  ac- 
companied by a conspicuous fall in the rectal temperature.  The fall 
in temperature begins usually in about an hour to an hour and a half 
after the inoculation and continues steadily until death, by which time 
the temperature may have fallen to as low as 27 °  to 28 °  C.  In one 
instance I  saw the rectal temperature as low as 26.2 °  C. fifteen min- 
utes before death.  Sometimes there is a  temporary rise in tempera- 
ture for a  short time after inoculation;  this is,  however, quickly fol- 
lowed by a gradual decline. 
The general appearance of the animal is characteristic.  It at first 
sits quietly in its cage, its hair becomes roughened, then its extremi- 
ties are periodically extended, it settles on its belly on the bottom of 
the cage, often with its hind legs fully extended;  from time to time 
there is convulsive jerking, and more or less constant trembling is seen 
for  an  hour  or  more  preceding  death.  Respiration  is  accelerated, 
the nose and feet are cool, the abdomen is very sensitive to the touch 
and is moderately tense.  When found dead the animal is usually flat 
upon its belly with legs stretched out behind it and its nose in the corner 
of the cage. 
At  autopsy the  most conspicuous  lesions  are  those  of the  peri- 
ton~eum.  It usually contains a  few cubic centimetres of clear tena- 
cious fluid.  Over the surface of the liver, spleen, omentum, and intes- 
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microscopic examination these are seen to consist very largely of leuco- 
cytes, with an occasional endothelial  cell.  If the  dose has been just 
sufficient to cause death,  numerous stained granules  are also present i 
these  are  seen  lying  both  free  and  within  the  bodies  of  leucocytes. 
Typical vibrios are not detected, as a rule.  If the dose has been very 
large,  microscopic  examination  reveals  the  presence  of  vibrios  in 
large  number.  Often  both  typical  vibrios  and  irregular  stained 
granules are to be seen together.  Occasionally more or less degener- 
ated, though still recognisable, vibrios are found within the bodies of 
leucocytes.  The  pleural  cavity may also contain  a  small  amount  of 
fluid  in  which  leucocytes  and  stained  granules  are  to  be  seen  by 
microscopic examination. 
The surface of the liver is irregularly  covered with a thin  deposit 
of fibrino-purulent  material;  otherwise the  organ  appears  normal. 
The  serous surfaces  of the  intestines,  as  well  as  the  serous  sur- 
faces generally within the abdominal cavity, especially the omentum, 
are  more  or  less  injected.  Sometimes  this  is  quite  marked,  while 
again it  may be very limited in  degree.  The  mucous membrane  of 
tile intestines is not usually inflamed. 
The  heart  is relaxed  and  filled with  fluid  blood.  The  lungs  are 
normal.  Beyond  a  varying  degree  of  congestion  the  other  organs 
show no macroscopic changes. 
By  both  microscopic  and  culture  methods  the  peritoneeum  and 
internal  organs are usually found to be sterile,  or practically so, when 
the dose injected into the animal does not exceed the minimum lethal 
dose.  If the dose is large,  the periton~eum contains  living vibrios in 
enormous numbers.  Cultures from the blood and internal organs may 
reveal the presence of vibrios, though they usually occur in relatively 
small number  in the  blood;  in  a  few cases I  have  found  the  blood 
to be sterile.  Should death be postponed for forty-five to fifty hours, 
the peritoneal cavity, blood, and internal  organs are  sterile. 
INOCULATION OF Mich.--The  studies upon mice have not been as 
extensive as those upon pigeons and guinea-pigs,  but they have been 
sufficient  to  justify  the  following  statements:  The  results  of  sub- 
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size of the dose employed.  If very small doses be employed it is pos- 
sible to  cause  death  with  all  the  evidences  of  a  general  infection, 
whereas  if the  dose be  very  large  death  occurs  within  a  few hours 
and  is  manifestly the  result  of  the  toxic  rather  than  the  infective 
action of the material used.  For example:  Of two mice into the sub- 
cutaneous tissues of which  (at the  root of the  tail)  0.05  cubic eenti- 
metre  of  a  twenty-four-hour-old  bouillon  culture  was  injected,  one 
died in twenty-four hours and a half,  and the other recovered with  a 
slough  of the  skin  over the  point  of inoculation.  At  autopsy upon 
the one that died no macroscopic lesions were noticed beyond a  slight 
cedema surrounding the reddened tissues at the site of injection.  Cul- 
tures  from  this  animal  revealed  the  presence  of  vibrios  at  the  site 
of inoculation  in large  number,  and  in  the  blood, liver,  spleen,  and 
kidneys  in  smaller  numbers.  If  a  much  larger  dose  be  employed, 
such, for instance,  as 0.5 cubic centimetre  of a  similar culture,  death 
occurs very rapidly,  evidently  the  result  of  acute  intoxication.  Of 
two mice into the subcutaneous tissues of each  of which such a  dose 
was injected, one died in four hours and fifteen minutes and the other 
in  four hours  and  twenty-five minutes  after  the  treatment.  At  au- 
topsy on these animals little beyond a red and swollen condition of the 
subcutaneous  lymphatic  glands  was  observed.  Cultures  revealed 
the presence of vibrios  at the  site of inoculation  and  in the  internal 
organs. 
The  course of the  disease and  the  post-mortem  conditions  found 
in all animals leave little room for doubt that death results more from 
the toxic activities of the organism than from its powers of general in- 
fection, though it nevertheless possesses this latter property.  Notwith- 
standing  this  I  have  not  been  able  to  produce  death  of  susceptible 
animals by the injection of dead cultures, killed by either chloroform 
or heat,  in doses of several  fold  that  of  the  living  cultures,  or by 
moderately  large  doses  C1  cubic  centimetre)of  the  filtrate  from 
twenty-four-hour to thirty-six-hour bouillon cultures that were filtered 
through  porcelain.  Old fluid  cultures--thirty-five  to  forty-five days 
of age  even when killed by chloroform,  are highly  toxic,  and  with 
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L~u~rrY.--Scarcity  of time  at  my  disposal  has  prevented  me 
from making a complete or systematic study of Vibrio Schuylkiliensis 
from this standpoint.  Incidentally, however, a  sufficient number of 
observations have been made to indicate a  striking analogy between 
its protecting properties and those  exhibited by the  other suspicious 
spirilla embraced in this group. 
:Briefly stated, the results of these observations are as follows:  In 
both  pigeons  and  guinea-pigs  immunity from relatively large  doses 
of this organism may readily be induced either through the induction 
of tolerance to the poison  contained in  old dead cultures  (destroyed 
by chloroform) or by the repeated employment of non-fatal doses of 
living cultures. 
A single inoculation of either a pigeon or a guinea-pig with a non- 
fatal dose of living culture confers a  condition of immunity that en- 
ables the animal to  withstand a  subsequent inoculation of from two 
to  three times the minimal fatal  dose.  This  immunity lasts  for  at 
least twelve days, and often longer.  The  phenomenon is  especially 
marked in pigeons.  An interesting process is  often observed in the 
course of efforts to immunize guinea-pigs by intraperitoneal inocula- 
tion.  If a guinea-pig be inoculated by this method with a dose some- 
what below the minimal fatal dose,  and within a few days be reinocu- 
lated in the same way with a  similar dose,  death sometimes follows 
the  second inoculation,  though the first may have  been borne  with 
little  apparent  inconvenience.  This  accords with  an  occasional  ob- 
servation of Pfeiffer  ~ on the reaction of immune guinea-pigs to intra- 
peritoneal inoculation with Vibrio cholerse Asiatica~.  Pfeiffer explains 
the phenomenon--that is,  the death of the protected animal--by as- 
suming that the amount of toxin liberated through the peculiar dis- 
integration  of  the vibrios,  referred  to  above,  is  greater than  the 
amount against which the animals had been protected. 
This observation suggested the possibility of there being a similar 
disintegration of the living vibrios in the peritoneal cavity of guinea- 
pigs rendered immune from Vibrio Schuylkiliensis.  With this in view, 
two  guinea-pigs  that  were partially  immune,  having  withstood  two 
previous  intraperitoneal  inoculations,  were  selected.  Into  the  peri- A. C. Abbott  441 
ton~eum of each a little more than the fatal dose of a  suspension of a 
fresh culture was injected.  In ten minutes portions of the peritoneal 
exudate,  obtained  by  means  of  capillary  pipettes,  were  withdrawn 
and  subjected  to  microscopic  examination.  A  great  variety  of  oh- 
jeers were seen,  conspicuous among  them  being vibrios  in  all  stages 
of involution.  They were swollen, distorted, stained feebly, and were 
manifestly  undergoing  degeneration.  Granules  that  took  on  the 
staining were also to be seen.  After fifteen minutes the only objects 
found  irt  the  periton~eum  were  numerous  granular  masses,  with  an 
occasional  body that  might  have  been  a  vibrio,  though  it  was  im- 
possible to state definitely.  Nmnerous leucocytes were present.  Oe- 
casionally stained granules were seen within the body of a leucocyte. 
At  fifteen  minutes  one  of the  guinea-pigs  was killed.  Cultures 
showed its peritoneal cavity to be sterile. 
At  thirty  minutes  the  other  was  killed  and  its  peritonamm  was 
also found to be sterile. 
If  a  much  larger  dose  was  employed  the  phenomenon  was  not 
observed,  as  the  animals  were  evidently  not  immunized  to  a  suffi- 
ciently high degree to withstand excessive amounts. 
This  germicidal  activity  of  the  periton~eum  of  immune  guinea- 
pigs is, as we now know, not peculiar to animals immune from Asiatic 
cholera,  but  may  also  be observed  in  animals  immune  from  other 
forms of infection as well;  for instance,  in animals  immune  from in- 
fection and intoxication by the bacillus typhi abdominalis and by the 
bacillus eoli eommunis. 
It  would have  been  interesting  to  have  determined  the  relation 
of these animals to intraperitoneal  inoculation with the cholera spiril- 
lure,  but as reliable  cholera  cultures  were not  at  my disposal  I  was 
obliged to omit the experiment. 
The tests that have been made with the serum from both pigeons 
and  guinea-pigs  that  have  been  rendered  immune  from  moderately 
large doses of Vibrio Sehuylkiliensis show that it contains a substance 
that  is  capable  of  protecting  susceptible  animals  against  the  patho- 
genie effects of otherwise fatal doses.  Thus,  for instance,  in  one ex- 
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three times the fatal dose  of living culture,  when injected into the 
peritoneal cavity of each of two guinea-pigs, protected one  of them 
against the fatal and the other against double the fatal dose of living 
culture injected at the same time as the serum.  In  another experi- 
ment of the same nature two out of three guinea-pigs were protected 
against double the fatal intraperitoneal dose  of living culture by the 
simultaneous injection of 1 cubic eentimetre of serum from a pigeon 
immune from three times the fatal dose of culture.  The third animal 
of this series did not die until the end of the second day, showing a 
retardation of at least twenty-four hours in the appearance of the fatal 
result. 
In another experiment a  suspension was made by finely dividing 
a fresh culture on agar-agar in the serum from a pigeon immune from 
four times the fatal dose in such proportions that 0.5 cubic eentimetre 
of the  serum  contained  double  the  amount  of  culture  necessary to 
produce fatal results.  Into the pectoral muscle of each of two suscep- 
tible pigeons 0.5  cubic eentimetre of this suspension was injected in 
less  than five minutes from the  time it was  made.  Neither pigeon 
showed any ill effects of the treatment. 
In  still  another  experiment  it  was  found that  when the  serum 
from pigeons immune from at  least  three  times  the  fatal dose  was 
injected in the amount of 0.5  cubic eentimetre into the pectoral mus- 
cles of susceptible pigeons, and this was followed within an hour by 
an injection into the muscle of the opposite side of double the fatal 
dose of a fresh normal suspension of the organism, no protective power 
was exhibited. 
A  similar property was  seen  to  be  possessed  by the  serum  of 
guinea-pigs  immune  from  double  the  fatal  intraperitoneal  dose  of 
living vibrios.  Thus, for example, the serum from such an immune 
guinea-pig when injected into  the  peritoneal  cavity of  each  of two 
susceptible  guinea-pigs in  the  dose  of  I  cubic  eentimetre protected 
one  of them against the  simultaneous intraperitoneal injection of  a 
little more than the fatal dose  of living culture,  and postponed  the 
death of the other for three days.  In all eases the control animals in- 
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eeive the serum, died after the proper interval with the characteristic 
lesions.  On other controls that received only the serum no effect was 
produced. 
I. failed to observe with this  serum the peculiar  microscopic phe- 
nomenon~  described by Pfeiffer and  Vagedes~  3 that  is  seen  to  occur 
when the  cholera  spirillum  is  studied in  a  hanging  drop  made  with 
the serum of very highly immunized animals.  The failure to observe 
this  reaction  is  probably due  to  the  fact  that  my animals  had  been 
brought to only a very low degree of immunity. 
Because of the many points of resemblance between the organism 
here described and Vibrio Metchnikovi,  an effort was made to deter- 
mine  if pigeons rendered  immune  from Vibrio  Schuylkiliensis  were 
also immune  from Vibrio Metchnikovi,  and  vice  versa.  The  results 
show that  such a reciprocal immunity  occurs and persists for at least 
a week or ten days.  It must be remembered, however, that this does 
not of necessity signify identity~ for it will be borne in mind that Issaeff 
and Ivanoff~  s  in their  studies upon the  immunity  induced by Vibrio 
Ivanovi,  found  that  animals  protected  against  it were  also protected 
against Vibrio choler~  Asiatic~e.  Nevertheless,  the points  of resem- 
blance between Vibrio Schuylkiliensis and Vibrio ~[etchnikovi are s(~ 
conspicuous and the points of difference so slight, being only quantita- 
tire, that I  am constrained to consider them as very closely allied,  if 
not identical.  I  can not at this time, however~ consider them identieal~ 
for the reason given--namely~ that it has thus far been impossible to 
increase the virulence of Vibrio Schuylkiliensis for pigeons to anything 
approaching the degree possessed by Vibrio ~[etehnikovi.  In experi- 
ments with the latter organism  I  have found that  very much attenu- 
ated cultures may quickly be brought to such a  degree of virulence, 
by successive passage through  pigeons,  that  the characteristic  patho- 
genie powers will be exhibited when very small doses are used~ sueh~ 
for instance,  as a  minute  particle  on the  point  of a  straight  needle; 
this when rubbed into a  superficial wound of the  pectoral muscle of 
a pigeon causes death in about twelve hours with general invasion of 
the  body  by  the  organisms.  (Pfeiffer  makes  a  similar  statement 
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Whether the organism under consideration is  or is  not a  modifi- 
cation of Vibrio Metchnikovi, or is or is not identical with either of 
the hitherto described species, is of but little moment for the present. 
The  important point  to  be  borne  in  mind  is,  that  as  obtained  from 
the waters in which it was found it was so anomalous in its pathogenic 
peculiarities as to make it impossible to do more than include it in the 
general group of suspicious vibrios.  Its comparatively low infective 
properties  for  pigeons,  its  characteristic  reaction  by  intraperitoneal 
inoculation of guinea-pig%  and the majority of its cultural and mot- 
phological peculiarities  might readiIy lead  one  to  mistake  it  for  an 
organism of much more important significance, especially if surround- 
ing  circumstances,  such  as  the  presence  of  suspicious  intestinal 
troubles, would seem to justify such an opinion. 
In  the  light  of  this  observation  I  think  we  can  safely say that 
there exist pathogenic spirilla, sui~eiently similar to the cholera spiril- 
hm  to  justify their  being  classified as  suspicious,  which  manifestly 
have nothing to do with the disease cholera.  I  can not avoid the con- 
clusion that the discovery of this organism in the water of a  locality 
absolutely free  from  suspicion~  in  so  far  as  Asiatic  cholera  is  con- 
cerned,  serves  as  an  additional  refutation  of  the  opinion  that  the 
cholera  spirillum  and  the  majority  of  the  forms  that  simulate  it 
are but variations of  one  and  the  same  species.  There  may be  a 
striking  family likeness,  but  one  produces  cholera  while  the  others 
do  not;  a  distinction  that~  in  the  present  state  of  our  knowl- 
edge~  can  not  be  ignored~  no  matter  what  may  be  the  out- 
come of subsequent studies  of  the  causes  underlying variability of 
species. 
So far as I  am aware, this is the first suspicious pathogenic spiril- 
hm  that has been detected in the surface waters of this country.  This 
is probably not due to their rarity or  to  their being peculiar  to the 
waters of particular localities, but rather to the fact that few systematic 
efforts have been made to discover them. 
If they are generally present it is important for us to know it~ for 
in the  event of  an  outbreak  of  cholera  or  of  suspicious  intestinal 
troubles  of  other  nature  they  would  undoubtedly  prove  the  cause A. C. Abbott  445 
of endless confusion and false interpretations were their presence un- 
suspected. 
It is with the hope of awakening an interest in the subject among 
American bacteriologists and of obtaining general data on this impor- 
tant subject that this contribution is made. 
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DESCRIPTION  OF  PLATES. 
All of the figures are photomicrographs of the Vibrio Sehuylkiliensis. 
For Photographs I  and 2 I  am indebted to Dr. Charles L. Leonard, of the 
University of Pennsylvania. 
PLATE XVI. 
Fig. 1.--¥ibrio Sehuylkiliensis.  Normal forms as seen in fresh cultures on 
gelatin.  X  1,000  diameters. 
Fig.  2.--Involution  forms.  From  potato  culture  forty-eight  hours  old. 
X  1,000  diameters. 
Fig.  3.--Colonies  in  gelatin  plate  after  twenty-four  hours'  growth  at 
18 ° to 20 °  C.  X  100  diameters. 
Fig.  4.--Colonies  in  gelatin  plate  after  forty-eight  hours'  growth  at  18 ° 
to 20 ° C.  >( 100 diameters. 
PLATE  XVlI. 
Fig.  5.--Colony in gelatin  after  about fifty hours'  growth  at  18 °  to 20 ~ C. 
X  100  diameters. 
Fig.  6.--Colony in  gelatin  after  about  seventy  hours  at  18 °  to  20 °  C.  >( 
100  diameters. 
Fig. 7.--Colony in gelatin after about seventy hours at 18 °  to 20 °  C.  X  1~0 
diameters. 446  ~Tyn~ficance of 1)att~ogenic 5~irilla i~ American 5"urfa,  ce Waters 
Fig.  8.--Colony in gelatin after  a~oout seventy hours  at  18 °  to  20 °  C.  X  100 
<liameters. 
PLATE  XVIII. 
Fig.  9.--Colony in gelatin  after  three  days and a  half.  At two  days to two 
•lays and  a  half this colony showed  distinct  concentric  markings.  Tempera- 
ture,  18 °  C.  X  100 diameter-. 
Fig.  10.--Edge  of  single  colony  in  gelatin  after  two  days  and  a  half  at 
]8 ~ C.  X  100 diameters. 
Fig.  11.--Stab  cultures  in  gelatin  at  18 °  to  20 °  C.:  a,  after  four  days;  b, 
after  seven  days;  c,  after  seventeen  to  eighteen  days.  Approximately  nat- 
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